Objectives: The aims of this study were: to evaluate the prevalence of abdominal wall defects in the Polish population, to analyze temporal trends in the prevalence, to identify areas (clusters) of high risk of abdominal wall defects, and to characterize, with respect to epidemiology, children with abdominal wall defects and their mothers in the area defined as a cluster. Material and Methods: We used isolated congenital malformations (gastroschisis Q79.3 and omphalocele Q79.2 according to the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10, the extended version)) data reported to the Polish Registry of Congenital Malformations (PRCM) over the years 1998-2008 based on the population of 2 362 502 live births. We analyzed 11 administrative regions of Poland with complete epidemiologic data. Results: Of 11 regions, 2 had a significantly higher standardized prevalence of isolated gastroschisis: Dolnośląskie (1.7/10 000 live births, p = 0.0052) and Śląskie (1.9/10 000 live births, p < 0.0001). Furthermore, within the region of Dolnośląskie, we defined a clear prevalence of the isolated gastroschisis cluster (p = 0.023). We comprehensively examined demographic and socio-economic risk factors for abdominal wall defects in this area, and we found that these factors failed to account for the cluster. Conclusions: We identified a distinct prevalence cluster for isolated gastroschisis, although a precise reason for the disease clustering in this region remains unknown. Cluster identification enables more focused research aimed at identification of specific factors with teratogenic effects.
INTRODUCTION
An increase in the prevalence of gastroschisis has been reported in the last 50 years. A significant increase of gastroschisis was noted at the beginning of 1970s in Scandinavian countries, and later in other various European countries, Australia, Japan and USA [1] [2] [3] . Based on the data from 21 registers included in the European Registry of Congenital Anomalies and Twins (EURO-CAT), the prevalence of gastroschisis (Q79.3 according to the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10, the extended version) [4] ) constituted 0.94 per 10 000 births between 1980 and 1990 [5] , but it was twice as high -2.35 per 10 000 births in the years 1998-2008 [6] . One of the better established risk factors is young maternal age (< 20 years old), but the exact mechanism underlying this association is not well understood [5, [7] [8] [9] . The following risk factors have been previously suggested: primiparity [10] , low socio-economic status, the use of tobacco and alcohol [11] [12] [13] , drug use [12, 14] and oral contraceptive use in the 1st trimester of pregnancy [15] . The recent increase in the prevalence of gastroschisis affects infants of mothers across all ages, thus, an independent exogenous factors are likely to play a role [16] . Identification of isolated gastroschisis clusters allows a study of etiology of gastroschisis; it also enables more focused research aimed at identification of specific teratogenic factors in the affected high risk regions [17] [18] [19] . Interventions aiming at the control of factors may become critical in the primary prevention of congenital malformations such as gastroschisis. The aims of this work were to evaluate the prevalence of abdominal wall defects in the Polish population, to analyze temporal trends in the prevalence, to identify areas (clusters) of high risk of abdominal wall defects, and to characterize, with respect to epidemiology, children with abdominal wall defects and their mothers in the area defined as a cluster.
with the prevalence of Wielkopolskie voivodeship (active reporting system). This conservative approach allowed identification of voivodeships with the highest prevalence of isolated gastroschisis (Q79.3) or omphalocele (Q79.2), despite the inherent problem of under-reporting in passive data collection methods. Taking into account the breakdown of the indicated voivodeships into administrative districs, an analysis was conducted in order to identify clusters (areas with the increased prevalence of the defects) of isolated abdominal wall defects. Spatial, temporal and spatial-temporal clusters were evaluated. Once clusters were localized, demographic characteristics of mothers and their children born with an isolated abdominal wall defect and residing within a given cluster were compared with analogous characteristics for Wielkopolskie voivodeship. The following characteristics were analyzed: an infant's sex, gestational age, birth weight, parental ages, parental education, the gravidity, previous spontaneous abortions, family history with the same condition and substance abuse during pregnancy, including tobacco use. A cluster of congenital malformations was defined as such an aggregation of cases of congenital malformations, in time and/or space, which seems to be unusual. Administrative districs (the administrative subregions of maternal residence) were used as units in the geospatial analysis. Because of the lack of published data about births in particular categories of maternal age in the years 1998-2001 with a breakdown into administrative districs, the analysis of clusters was conducted based on the standardized coefficients according to the maternal age in the years 2002-2008.
Statistics
To evaluate the effects of time in each region, a test of a linear time trend of the standardized prevalence coefficients for isolated gastroschisis (Q79.3) and isolated omphalocele (Q79.2) was performed for each voivodeship. Moreover, the standardized coefficients of prevalence in 10 voivodeships (passive reporting) were compared voivodeship cluster, but detected no predominance of a specific profession (among the mothers giving birth to affected children, there were 4 students, 4 retail employees, 3 unemployed, 2 teachers, and others with a range of professions including a hair dresser, waiter, technician, tailor, renovator, architect, cook, etc.). The data on dietary supplementation during pregnancy was incomplete and could not be analyzed. Notably, none of the mothers suffered from chronic illness, such as diabetes or hypertension.
RESULTS
The crude prevalence of isolated gastroschisis (Q79.3) in Wielkopolskie voivodeship (the reference region) was 1.2 per 10 000 live births, and 1.1 per 10 000 live births after standardization based on maternal age. In the same years, of the analyzed voivodeships, 2 had a significantly higher standardized prevalence of isolated gastroschisis (Q79.3), i.e., Dolnośląskie (1.7/10 000, p = 0.0052) and Śląskie (1.9/10 000, p < 0.0001) voivodeships ( Table 1 ).
The prevalence of isolated omphalocele (Q79.2) was, on average, lower than the prevalence of isolated gastroschisis (Q79.3). We observed no regional differences in the prevalence of isolated omphalocele (Q79.2). Moreover, we detected no significant temporal trends in the prevalence of isolated gastroschisis (Q79.3) or omphalocele (Q79.2), standardized according to a mother's age, neither in Wielkopolskie voivodeship nor in any of the remaining voivodeships (Table 2) . Next, we analyzed geospatial clusters of the increased prevalence of isolated gastroschisis (Q79. Table 3 ). In Dolnośląskie voivodeship, a spatial cluster of isolated gastroschisis (Q79.3) (an area with an increased prevalence of the defect) comprising 68 administrative districs reached statistical significance with p = 0.023 by the Kulldorff's scan statistic. In Śląskie voivodeship a cluster of isolated gastroschisis (Q79.3) comprising 13 administrative districs was identified, but it did not reach statistical significance (p = 0.066). Finally, we compared demographic and socio-economic characteristics of the cases reported within the clusters to those reported in Wielkopolskie voivodeship (Table 4) . We detected no significant differences in the demographic and socio-economic risk factors between these regions suggesting that other, yet unexplained, factors may underlie the observed patterns. We also analyzed details of maternal occupation in the Dolnośląskie CI -confidence interval. Standardized prevalence and confidence intervals for the prevalence with Bonferroni's correction for multiple comparisons.
Prevalence with a CI > prevalence for Wielkopolskie voivodeship indicates a significantly higher prevalence of the defect. Prevalence with a CI < prevalence for Wielkopolskie voivodeship indicates a significantly lower prevalence of the defect. registers of congenital malformations based on the passive data collection methods may underestimate the prevalence due to under-reporting [24] , we instituted an active system of data collection to complement the passive sources of information in one of the studied regionsWielkopolskie voivodeship. Accordingly, the prevalence
DISCUSSION
Our study identified an area of high risk of isolated gastroschisis (Q79.3) in the region of Dolnośląskie. Our results are based on a large population-based registry that surveyed over 57% of live births in Poland over the years 1998-2008. Considering that large population [26] . Clusters of gastroschisis and isolated cleft lip and palate overlapped by 67.6% (46 administrative districts).
As we mentioned before, several exogenous factors increasing the risk of a birth of a child with gastroschisis have been studied previously. Therefore, we performed a comprehensive comparison of demographic characteristics of the children born with gastroschisis (Q79.3) and of their mothers within the cluster with those who were born in the reference region of Wielkopolskie voivodeship. We detected no significant differences in these factors. These findings may suggest the effect of yet unidentified factors in the area of the detected cluster. Further research will be needed to define the exact nature of the harmful exposure, but several important facts about these regions need to be discussed. Most notably, both Dolnośląskie and Śląskie regions have the highest levels of urbanization and industrialization in Poland. In Dolnośląskie voivodeship, urban and industrial areas comprise 71% of the total voivodeship area, and in Śląskie voivodeship this percentage is even higher -79%. In contrast, the urban/industrial area of Wielkopolskie voivodeship constitutes 57% of the region, and for other voivodeships that number ranges 41-69% [22] . Some of the prior studies have suggested urban areas as high risk areas for gastroschisis, for example, including Finland [27] , the United States [28] , and northern areas of Great Britain [29, 30] . Moreover, these 2 regions rank as the top polluters, with some of the highest shares of industrial waste generated in Poland and estimated at 27.6% for Dolnośląskie and 33.3% for Śląskie voivodeship. For comparison, the percentage waste for the remaining voivodeships ranges 0.7-5.5% [31] .
data from this voivodeship was used as a reference for comparison of other regions.
To further reduce heterogeneity of the studied defects, we excluded those children in whom the malformations occurred as a consequence of chromosomal abnormalities, or in the setting of recognized syndromes or multiple malformations. Proper classification of abdominal wall defects is often challenging [25] . Although the diagnoses of abdominal wall defects were made by qualified neonatologists and verified by 2 clinical geneticists, we recognized that in some cases false positive reports might have occurred (e.g., classifying a ruptured omphalocele as gastroschisis). However, despite those limitations our study detects a significant cluster of isolated gastroschisis in Dolnośląskie voivodeship. In many highly developed countries a mother's young age (< 20) was a risk factor of gastroschisis [5, 7, 8] . This association may reflect a number of lifestyle and behavioral factors that increase the risk of malformations during pregnancy. Our previous study has confirmed that not only maternal age, but also young paternal age constituted an independent risk factor of the occurrence of isolated gastroschisis [9] . Considering the known effects of parental age, our analyses required standardization according to a mother's age, and thus, our conclusions should be robust to this potential confounder. Although our data on the prevalence of gastroschisis in the area of 10 voivodeships may have been incomplete, in 9 out of 10 voivodeships, the standardized prevalence coefficients were higher compared to Wielkopolskie voivodeship. Most significantly higher standardized prevalence coefficients were found in Dolnośląskie voivodeship (1.7 per 10 000 births) and Śląskie voivodeship (1.9 per 10 000 births). Considering that the passive registration system may miss some cases, we can conservatively assume that the real prevalence of gastroschisis in those areas is even higher than the reported one.
